The leaf essential oils of Eugenia cartagensis, Myrcia sp. nov. "fuzzy leaf", Ocotea veraguensis, O. whitei, and Persea americana, have been obtained by hydrodistillation and the essential oil compositions determined by GC-MS. The essential oils have been screened for in-vitro cytotoxic activity against a panel of human tumor cell lines, and each of the species shows selective cytotoxic activity. E. cartagensis was active against HCT-15 and SW 620 human colorectal carcinoma cells, O. veraguensis and Myrcia "fuzzy leaf" were cytotoxic to MDA-MB-231 and MDA-MB-468 mammary adenocarcinoma cells, and O. whitei and Persea americana were toxic to M-14 melanoma cells.
In earlier times, all drugs and medicinal agents were derived from natural substances, and most of these remedies were obtained from higher plants. Even today, about 80% of the world's population relies predominantly on plants and plant extracts for health care. Not only do higher plants continue to serve as important sources of new drugs, but phytochemicals derived from them are also extremely useful as lead structures for synthetic modification and optimization of bioactivity. As part of our program investigating the phytopharmaceutical potential of the Monteverde region of Costa Rica [2] , we have examined a number of essential oils from rainforest plants for potential medicinal utility. In this work, we describe the cytotoxic activity of the leaf essential oils of Eugenia cartagensis, Ocotea veraguensis [3] , O. whitei [3] , Persea americana, and an undescribed species, Myrcia new species "fuzzy leaf". To our knowledge, the cytotoxic activities of these essential oils have not been previously examined.
Eugenia cartagensis O. Berg (Myrtaceae) is a tree, 4-10 m in height, endemic to Costa Rica. It is common on the Pacific slope at 1200-1500 m elevation.
Myrcia new species "fuzzy leaf" (Myrtaceae) is a sub-canopy tree of the secondary forest and edge, 8-15 m in height. The twigs are round, pubescent when young, with smooth, gray bark when older; leaves are simple, opposite, entire, petiole to 3 mm, blade to 4 x 10 cm, lanceolate, apex acuminate, base rounded to obtuse, mid-vein expressed above and remaining pubescent, blade and veins remaining densely soft pubescent below with erect rusty hairs, lateral veins 12-14 per side, a distinct marginal vein 1.5 mm from edge. The inflorescences are axillary and terminal, 3-6 cm long; flowers white with pedicel 0-3 mm, flowers 3 mm long x 4 mm diameter at anthesis, 5 calyx lobes to 1 mm long, 5 round white petals 3 mm long; fruit to 12 mm, globose, white to pink to purple black when mature. This tree is uncommon on the Pacific slope of the Monteverde region at 1300-1450 m elevation.
Ocotea veraguensis (Meissn.) Mez is a subcanopy tree, 5-15 m tall and O. whitei Woodson is a canopy tree, 10-30 m in height.
Persea americana
Mill. is a canopy tree, up to 30 m tall and 90 cm diameter at breast height. In Monteverde, this tree is typically found in primary forest and pastures at 1400-1600 m elevation on the Pacific slope and from the lowlands to about 1300 m on the Atlantic slope.
The leaf essential oils were screened for cytotoxic activity against a panel of human tumor cell lines ( Table 1 ). The leaf oil of E. cartagensis was especially cytotoxic against HCT-15 and SW 620 (colorectal carcinoma) cells, but was less active against MCF7 and MDA-MB-468 (mammary adenocarcinoma), M-14 and SK-Mel-28 (malignant melanoma), and was inactive on Malme-3M and UACC-257 (malignant melanoma), MDA-MB-231 (mammary adenocarcinoma), MDA-MB-435 (mammary ductal carcinoma), and OVCAR-5 (ovarian adenocarcinoma).
Myrcia "fuzzy leaf" essential oil showed notable in-vitro cytotoxicity to the mammary adenocarcinoma cell lines, MDA-MB-231 and MDA-MB-468, but was less active against Malme-3M, MDA-MB-435, EKVX (non-small-cell lung carcinoma), SK-Mel-28, MCF7, and UACC-257, and was inactive against M-14 and OVCAR-5. Ocotea veraguensis leaf oil was also selective against MDA-MB-131 and MDA-MB-468 cells, but either less active or inactive against the other cell lines tested.
Myrcia "fuzzy leaf" essential oil showed notable invitro cytotoxicity on the mammary adenocarcinoma cell lines, MDA-MB-231 and MDA-MB-468, but was less active against Malme-3M, MDA-MB-435, EKVX (non-small-cell lung carcinoma), SK-Mel-28, MCF7, and UACC-257, and was inactive against M-14 and OVCAR-5. Ocotea veraguensis leaf oil was also selective against MDA-MB-131 and MDA-MB-468 cells, but less active or inactive against the other cell lines tested.
Both Ocotea whitei and Persea americana showed activity against M-14 melanoma cells, and the Persea was also active against MDA-MB-231. None of the leaf essential oils showed any cytotoxic activity against the ovarian tumor line, OVCAR-5.
Notable in the pattern of cytotoxicity on the breast cancer lines is the difference between the estrogen receptor (ER) positive cell line, MCF-7, and the two estrogen receptor negative cell lines MDA-MB 231 and MDA-MB-468. Specifically, Myrcia "fuzzy leaf" and Ocotea veraguensis essential oils were both very active against the ER negative lines, but were not cytotoxic to the ER positive line. Both of the ER negative lines express the epidermal growth factor receptor (EGFR) suggesting a possible mechanism of action involving the EGFR. Interestingly, Persea americana leaf oil was active on only one of the ER negative, EGFR positive cell lines, suggesting a more specific mechanism of action than just working through the EGFR. It should be noted that although the MDA-MB-435 cell line is listed as a breast Aldehydes, especially α,β-unsaturated aldehydes are known to be cytotoxic agents [4, 5] . These materials can alkylate DNA by either conjugate addition [6] or imine formation [7] . The cytotoxic activity of E. cartagensis leaf oil is likely to be due, in part, to the high concentration of trans-2-hexenal. Although there are no reports of trans-β-ocimene being cytotoxic, both germacrene D and β-caryophyllene have been shown to be cytotoxic to a number of tumor cell lines [8] .
The leaf essential oil of Myrcia "fuzzy leaf" ( β-Elemene has been shown to be cytotoxic to a number of tumor cell lines [9] [10] [11] [12] and it is likely that δ-elemene is cytotoxic as well, although this has not been reported. Valerianol, α-selinene, and 10-epi-γeudesmol have not been reported to be cytotoxic. [13, 14] , there are no reports of antineoplastic activity of this compound. Likewise, there have been no reports of bulnesol showing cytotoxic activity.
The leaf essential oil of O. whitei [3] was composed largely of monoterpene and sesquiterpene hydrocarbons (22.0% and 31.6%, respectively) as well as oxygenated sesquiterpenoids (33.8%), with smaller amounts of fatty-acid-derived compounds (0.8%), oxygenated monoterpenoids (3.1%), oxygenated sesquiterpenoids (1.5%), and aromatics (0.5%). The most abundant essential oil components of O. whitei were spathulenol (15.3%), βcaryophyllene (15.2%), α-pinene (12.7%), and farnesyl acetate (10.1%). Spathulenol has been reported to exhibit cytotoxic activity to KB [15] and Hep 2 [16] tumor cell lines. β-Caryophyllene, α-pinene, and β-pinene have shown cytotoxic activity to a number of tumor cell lines [8] .
The chemical composition of the leaf essential oil of Persea americana is summarized in Table 4 . The most abundant compound in the oil was the phenylpropanoid (Z)-isoeugenol acetate (14.8%), followed by the monoterpenoids sabinene (9.9%), 4-terpineol (8.9%), α-phellandrene (7.6%), and 1,8-cineole (7.0%). Eugenol (4.9%), β-caryophyllene [17, 18] and isoeugenol [19, 20] have shown in-vitro cytotoxic activity. It is likely that isoeugenol acetate is also cytotoxic. Cytotoxicity Screening: Each of the human tumor cell lines was grown in a 5% CO 2 environment at 37°C in RPMI 1640 medium with L-glutamine and NaHCO 3 , supplemented with 10% fetal bovine serum, 100,000 units penicillin and 10.0 mg streptomycin per L of medium, pH 7.3. Cells were plated into 96-well cell culture plates at 2.5 x 10 4 cells per well. The volume in each well was 100 μL. After 48 h, supernatant fluid was removed by suction and replaced with 100 μL growth medium containing 1.0 μL of DMSO solution of the essential oil (1% w/w in DMSO), giving a final concentration of 100 μg/mL for each well. Solutions were added to wells in four replicates. Medium controls and DMSO controls (10 μL DMSO/mL) were used. Tingenone [21] was used as a positive control. After the addition of compounds, plates were incubated for 48 h at 37°C in 5% CO 2 ; medium was then removed by suction, and 100 μL of fresh medium was added to each well. In order to establish percent kill rates, the MTT assay for cell viability was carried out [22] . After colorimetric readings were recorded (using a Molecular Devices SpectraMAX Plus microplate reader, 570 nm), average absorbances, standard Selectively cytotoxic essential oils Natural Product Communications Vol. 2 (12) 2007 1267 deviations, and percent kill ratios (%kill cmpd /%kill DMSO ) were calculated. Cytotoxic activities of the essential oils are summarized in Table 1 .
Experimental

Gas chromatographic -mass spectral (GC-MS) analysis:
The leaf essential oils were subjected to GC-MS analysis on an Agilent system consisting of a model 6890 gas chromatograph, a model 5973 mass selective detector (MSD), and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary with a (5% phenyl)methylpolysiloxane stationary phase, film thickness 0.25 μm, length 30 m, and internal diameter 0.25 mm. Helium was the carrier gas with a flow rate of 1.0 mL/min. The inlet temperature was 200°C and the oven temperature program was as follows: 40°C initial temperature, hold for 10 min; increased at 3°/min to 200°C; increased 2°/min to 220°C, with an interface temp of 280°C. The sample was dissolved in CHCl 3 and a splitless injection technique was used.
Identification of oil components was achieved based on their retention indices (determined with reference to a homologous series of normal alkanes), and by comparison of their mass spectral fragmentation patterns with the literature [23] and the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.08)].
